Objective: To analyse the evolution of the video-assisted thoracoscopic (VATS) approach for lobectomy and results during the first 3 years of program. Methods: From 1 st July-2007 to 31 th July-2010 we carried out 200 lobectomies by VATS. In February 2009 we started performing VATS lobectomies with only 2 incisions .We have analyzed both annual and overall outcomes regarding type of approach, conversion rate, surgical time, lymphadenectomy and overall survival. Results: Distribution of the cases per year were as follows: first-year 32, second-year 65, thirdyear 103. Overall conversion rate was 14,5% (first-year 25%, second-year 20%, third-year 7.8%; p = 0.017). Surgical approach was: 4 ports (1 case), 3 ports (99 cases, 100% in first-year), 2 ports (99 cases, 80% in third-year), single-port (1 case, third-year) Mean surgical time in successful VATS was 193.8 min (210.8 first-year, 207.9 second-year, 181.1 third-year; p = 0.011), mean number of lymph nodes were 11.9 (9.3 first-year, 10.1 second-year, 13.9 third-year; p = 0.003) and mean explored stations was 4.2 (3.6 first-year, 3.8 second-year, 4.5 third-year; p < 0.001). Globally median chest tube duration was 3 days. Median length of stay was 4 days. The disease-free survival at 30 months was 85% for Stage I patients and 62% for non-stage I patients. Conclusions: As we gain more experience over time, with more cases performed each year and less invasive approaches, results improve in terms of less surgical time and more extended lymphadenectomies. Furthermore, we have observed a clear evolution in our surgical approach to a less invasive 2-port approach. In selected cases we have implemented the singleport lobectomy #
Introduction
Hans Christian Jacobaeus (1879 Jacobaeus ( -1937 provided the first description of a thoracoscopy in 1910 [1] . During the past two decades, thoracoscopic procedures have increasingly gained acceptance, particularly, with the introduction of videoassisted thoracic surgery (VATS) lobectomies.
Although there is no standardised technique for the approach used in this type of procedure, most groups use a utility incision measuring approximately 4-6 cm, and add between one and three ancillary incisions, that is, there is variability in the number of incisions used depending on the centre in question [2] . The most common approach comprises a utility incision plus two supporting incisions -that is, three ports -and a very important consideration in this regard is the obviation of rib spreading.
This retrospective study aims to analyse annual and overall outcomes with regard to type of approach, conversion rate, surgical time, lymphadenectomy and overall survival as well as to determine whether or not there has been improvement with gaining of experience in the VATS approach. These authors consider that the optimal exposure of the lung is the cornerstone to the performance of a successful thoracoscopic lobectomy.
Material and methods
A retrospective, descriptive, prevalence study was carried out among patients undergoing lobectomy by the VATS approach in the Thoracic Surgery Department of the Hospital Universitario de la Coruña (Spain) between July 2007 and July 2010. The present study was approved by the hospital's Institutional Review Board.
The study period was divided into three annual periods: a first period (1P) July 2009 to July 2010. A global analysis and a comparative analysis were performed according to the different periods, with the purpose of identifying possible differences in certain parameters, such as surgical time, conversion rate, number of adenopathies, number and type of lymph node stations explored and postoperative recovery. Furthermore, an analysis of overall survival was performed.
The surgical approach was not the same in all patients, and varied according to the experience gained. Initially, a 3-port approach was used, in concordance with the practice followed by most other groups [3, 4] . The first incision was made in the 7th or 8th intercostal space (ICS), in the midaxillary line, and was used mainly for the introduction of the 10-mm 308 thoracoscope. The second incision, measuring approximately 4-5 cm, was made anteriorly and, in general, in the 5th ICS, immediately beneath the breast and the greater pectoral muscle. The third incision was positioned at the posterior subscapular level, in general, in the 5th or 6th ICS. This port was basically used for lung traction, positioning and for the insertion of staplers during upper lobectomies.
In the case of surgical approaches involving two ports, the same utility incision was used. In order to perform an anatomical resection using only two ports, it is essential to learn the technique for exchanging the optics between both incisions, and the endostaplers for dividing hilar structures. For upper lobectomies, most of the endostaplers must be inserted through the port in the 7th or 8th ICS; consequently, proper positioning of this port is essential (Fig. 1A and B) . No rib-spreader was used, and the dissection was almost entirely carried out from the utility incision and guided by the onscreen imaging.
In one case comprising the initial experience of these authors, a fourth incision in the 8th ICS was made below the third incision, primarily for lung traction.
In the last month of the study period we performed a single-port lobectomy using only the same utility incision as we usually employ in the double and triple-port approach, with no rib spreading ( Fig. 1C and D) in addition, all instruments and the camera were inserted through this utility incision.
The general operative approach in all cases was directed towards the hilum, with anatomic resection and adopting an anterior-to-posterior approach. Once the lobectomy was completed, the lobe was retracted in a protective bag.
Statistical analysis
The Statistical Package for Social Sciences (SPSS) version 17 for Windows was used for statistical analysis. A descriptive analysis of the variables studied was carried out. The quantitative variables are expressed as mean AE standard deviation, median and range. Qualitative variables are expressed by means of frequencies with their corresponding percentages. In order to study differences in qualitative variables among the three study periods, the chi-square test was used. For the comparison of numerical variables between periods, the Kruskal-Wallis test was used. The MannWhitney U-test was employed for the comparison of quantitative variables between two groups of patients.
All tests were carried out with a two-tailed approach, and values of P < 0.05 were considered significant.
A survival analysis was performed with Kaplan-Meier curves, and the log-rank test was used to compare survival between patients with stage I and non-stage I disease.
Results
From July 2007 to July 2010, this thoracic department performed 200 major pulmonary resections by VATS. Demographic characteristics, associated co-morbidity and pulmonary function tests are described in Table 1 .
Patient data were obtained by review of clinical and surgical charts.
The number of patients operated obviously increased each year: 32 (16%) in the 1P, 65 (32.5%) in the 2P and 103 (65.5%) in the 3P. This represents an annual increase of 103% in the second year (number of cases multiplied by 2) and of 58.5% in the third year (number of cases multiplied by 1.6). The total increment from the baseline was 221.9%. The distribution of the cases per month is shown in Fig. 2 . The surgical approach varied with regard to the number of ports used, and can be classified as follows: four ports (1 case), three ports (99 cases, 100% in 1P), two ports (99 cases, 80% in 2P) and a single port (1 case, 3P).
A total of 52.5% of the lesions were diagnosed based on casual findings during routine chest X-ray examination. Endobronchial lesions were identified in 24 cases (12%).
The types and frequencies of lobectomy performed have been described in Table 2 .
Conversion to open surgery was required in 29 patients (14.5%). Conversion was performed by lengthening the utility incision in a posterolateral direction. The causes of conversion included bleeding (10 cases, only two of which corresponded to 3P), oncological reasons (13 cases), adhesions (5 cases) and a single case of bronchial tearing.
The most frequent cancer type was adenocarcinoma (85 patients, 42.5%). The non-cancerous cases (16 patients) comprised: hamartoma (5 cases), infectious disease (5 cases), inflammatory pseudo-tumour (2 cases), haemorrhagic infarct (1 case), solitary fibrous tumour (2 cases) and bullous disease (1 case).
The characteristics of the patients with completed VATS resections (171 cases) were analysed in order to establish postoperative recovery.
The mean surgical time was 193.8 AE 59 min (range: 70-360) in the completed VATS cases. After anatomical resection, mediastinal lymphadenectomy was performed in patients diagnosed with a malignancy in accordance with oncological criteria similarly as in open surgery.
In patients diagnosed with malignancy (n = 155), the mean number of nodal stations explored was 4.2 AE 1.3, with an average of 11.9 AE 6.7 lymph node resections.
A total of 18 patients (9%) received induction chemotherapy. Pathological N2 lymph node involvement was observed in 15.8% of all patients, with unexpected N2 status identified in 11.1% of stage I patients.
Overall, 83.3% of patients initially diagnosed with stage I disease were histopathologically confirmed based on samples obtained during surgery. Concordance between clinical and pathological non-stage I staging (i.e., stages II, III and IV) was 75%. Global concordance yielded a Kappa index of 0.473.
According pathologic staging, the percentage of patients whose cancer was down-staged by preoperative computerised tomography (CT) was 4.9% (7 patients). The percentage of up-staged cases was 15.3% (22 patients) .
Upon analysis of the results according to different periods, some differences were observed with regard to certain parameters. Surgical characteristics such as conversion rate, mean surgical time, mean number of lymph nodes, stations explored and tumour size are described in Table 3 .
On examining the number of patients subjected to subcarinal lymphadenectomy, differences were observed in accordance with the side operated upon and the study period; however, statistical significance was not demonstrated. The percentage of patients who underwent left Table 3 . Intra-operative characteristics in the different periods of time.
First period Second period Third period A total of 23.1% patients (n = 40) presented with significant adhesions while 27.4% (n = 47) showed an incomplete or fused fissure. Patients with significant adhesions, in turn, had longer surgical times (205.5 vs 181.6 min, P = 0.035) and longer duration of chest-tube drainage (6.5 vs 3.5, P < 0.001). Patients with an incomplete fissure, similarly, had longer surgical times, although this did not reach statistical significance (194.6 vs 179.1 min, P = 0.282) and longer duration of chest-tube drainage (5.2 vs 3.1, P = 0.019).
In turn, cases having longer surgical times were associated with a higher rate of complications (P = 0.004).
A single chest tube was placed in 70.1% of patients with completed VATS (100% of the patients in the 3P). Two chest tubes were placed in all cases of surgical conversion. In the patient who underwent single-port surgery, the drain was placed in the posterior part of the utility incision.
No patient required reoperation during the postoperative period. A total of 77.3% (n = 126) did not have any postoperative complications, and 67.4% (n = 91) did not have any postoperative air leaks. The median chest-tube duration and hospital stay was 3 (range: 1-26) and 4 (range: 1-76) days, respectively, with normal X-ray results noted at the time of discharge in 85.3% of cases (n = 146).
The most frequent complications were prolonged air leakage (12.3%, 20 patients) and pneumonia (6.3%, 10 patients). The incidence of atrial fibrillation was 5.2% (11 patients) .
The postoperative results in each of the three periods were further analysed, and significant differences were found only in relation to the need for epidural anaesthesia. Postoperative characteristics such as the duration of in intensive care stay, the need for epidural anaesthesia, morphine use, rate of complications, duration of chest tube and hospital stay and prolonged air-leakage rate in each period of the study are described in Table 4 .
The 60-day global mortality rate for 200 patients was 2.5% (n = 5): two cases of completed VATS and three conversions to open surgery. The cause of death was only directly associated as being a complication of VATS in one out of total number of deaths. This particular case corresponded to a 73-year-old male smoker with previous heart disease who was operated on in the second period. A left upper lobectomy was performed by VATS without complications. However, upon extracting the lobe in a protected bag, aortic injury occurred with the metallic portion of the bag holder during rotation. Significant bleeding occurred and, therefore, an emergency thoracotomy was performed and the aorta was repaired by lateral clamping and placement of a Teflon patch. During repair, cardiac arrest occurred and was resolved by massage. The postoperative chest X-ray showed no complications, with good lung expansion; however, on day 3, the patient developed lower limb ischaemia and severe mesenteric ischaemia, probably attributable to embolism, and died on the third day in the intensive care unit (ICU). The two deaths with completed VATS corresponded to patients with major co-morbidities. Surgery proved uneventful, with discharge from the hospital on days 3 and 4, respectively, without complications. Both subjects were readmitted after 72 h with contralateral infection that progressed over 48 h and became massive; this resulted in death after 3 days in one case and after 40 days in the other (admission to ICU and prolonged mechanical ventilation with tracheotomy proved necessary).
The characteristics of these patients are shown in Table 5 .
On analysis of survival rates with a mean follow-up time of 18.53 AE 9.91 months (range: 4.62-41.8), statistical differences between stages (stage I vs non-stage I, P < 0.001) were identified. The disease-free survival rate at 30 months was 85% for stage I patients and 62% for non-stage I patients (Fig. 3) .
Discussion
At present, VATS has become the approach of choice in many thoracic surgery departments, and is being used for surgical resection of most bronchopulmonary carcinomas. Several studies have demonstrated the advantages of this approach as compared with thoracotomy-based resections [5, 6] . In spite of this fact, and although the numerous advantages of the VATS approach have been clearly demonstrated, this technique is, as yet, not practiced worldwide and accounts for less than 20% of all major pulmonary resections in North America and less than 10% in Europe [7] .
Since major lung resection by VATS was first introduced in the early 1990s, the indications and contraindications of these procedures have changed over time. Thus, whereas initially a history of prior surgery, endobronchial lesion or even the administration of induction chemotherapy were regarded as contraindications, the experience that has since been gained, together with improvements in instrumentation and thoracoscopic imaging, have now changed this situation in most hospitals with experience in VATS.
In the present study, 9% of patients had received induction chemotherapy. Recent studies have shown that lobectomy by VATS in cases of bronchogenic carcinoma with prior chemotherapy can be carried out safely and effectively, without an increase in the rate of complications [8] .
As has been previously stated, 12% of patients in this study presented with endobronchial lesions but none of them required bronchoplastic resection. Although endobronchial lesions were, previously, a contraindication for VATS, some authors do not consider this issue a contraindication at present [9] . Furthermore, there are publications reporting on thoracoscopic sleeve resections [10] .
Since the introduction of the VATS programme at our hospital in July 2007, this thoracic surgery department have performed 200 major lung resections using this technique up until July 2010, with nearly 80% of them involving two ports in the last year. This volume of cases in a 3-year period has given sufficient experience to be able to deal with complex cases, with demonstration of good postoperative results similar to those reported by other authors [11] .
The evolution in the number of ports has also been an important point in our progress. After overcoming the learning curve, which many authors define as 50 cases [12] , these authors started to extend the indications of the technique as their experience increased. The first 80 cases were performed by two surgeons, and the technique was gradually taught to the rest of the department (currently comprising five staff surgeons). All members of the department can, at present, perform major resections by VATS, with good results. In February 2009, these authors started to use two ports, after realising that a third port was not essential. Based on the D'amico technique [13] with certain modifications, these authors developed a two-port VATS approach for lobectomies, achieving results and surgical times similar to those of several series employing the conventional approach. At present, many of the surgeons in our department use this technique. Thus, in relation to our results, several learning curves not comparable to the initial curve must be considered.
After performing 95 cases via the two-port approach, it was thought feasible to attempt to perform one case with a single utility incision, inserting both the camera and the instruments through this single port. This case reflects the evolution in the VATS approach and shows that single-port surgery is feasible at least for lower lobectomies. Some authors have described cases of single-port VATS surgery in the context of minor procedures [14] and, to our knowledge, this article reports the first case of single-port VATS lobectomy [15] . The number of incisions should not influence the postoperative results obtained. Some groups have wide experience using four incisions [2, 3] , while others use three [4, 16] or two incisions [8] , with similar postoperative results. Thus, no standardised VATS approach has been established.
An interesting observation is the considerable increase in the number of cases performed per year, increasing from 32 cases in the first period to 103 in the second (i.e., an increase of 221%). Such a significant increment reflects the thoracoscopic transformation of a thoracic surgery department.
Furthermore, these authors have noted improvements in relation to surgical time, although the reductions have not been as significant as expected. This is probably due to a number of factors. The first factor is that any evolution in minimally invasive procedures implies different learning curves not comparable to the initial curve associated with the development of the technique. In addition, training new department members who are starting to use this technique favours these results. This resulted in longer surgical times in certain cases, for example, in the last year, and indicates that reductions in surgical time were not as marked as they would have been if all the operations had been performed by the same surgeons who completed the initial learning curve. Another factor is the expansion of indications for the technique and the performance of more complex cases over time. In addition, with the experience gained, these surgeons have performed more extensive lymphadenectomies, and these in turn prolong the overall surgical time.
A very important aspect that is believed to indicate the evolution of the technique is the performance of more extensive lymphadenectomies, with a very significant increase in each of the annual periods of the study, in spite of using less invasive approaches. This, in turn, implies improvement of the technique and in disease staging with regard to the initial cases of these authors. The results obtained in the last year, with an average of 13.9 lymph nodes and 4.57 node stations explored, are better than those described by some authors as requirements for correct staging [17] .
The anterior-to-posterior approach used for most VATS lobectomies allows for excellent hilar mobilisation of structures but may sometimes preclude easy access to certain nodal stations unless specific attention is given to this area. For left-sided resections, there were significantly fewer level 7 nodes dissected in the first period than in the last period. Left subcarinal lymphadenectomy is probably the hardest lymph node region to dissect, as reported by many authors [18] , which explains why experience is the determining factor for this difference. Although nearly 80% of the lobectomies were performed with only two incisions, there was a significantly higher number of subcarinal lymph nodes, even with shorter surgical times, indicating that a third port is not needed if a correct approach is made with two ports, matching other authors' observations [3] .
Our global conversion rate was within the referenced interval (14%). It is interesting to note that the conversion rate in the last year was only 7.8%, that is, almost half the global rate. This is explained by the experience gained in vascular dissection and in the management of fissure, particularly in complex cases, post-chemotherapy patients and even reoperations. In addition, these authors have been able to thoracoscopically control and repair several cases of bleeding that would have been a reason for conversion to open surgery in the first year of the programme. Different groups have reported conversion rates ranging from 2% to 14% [19] . These differences may be related to variability in indications for the technique according to the specific centre. The fact that surgeons with initial experience in the technique help other department members to perform lobectomies allows for improved control of events that could have led to conversion in the context of a new learning curve [20] . Learning the VATS technique in our department may influence increased surgical time, but should not influence the postoperative results obtained [16] .
Some studies limit the use of VATS to initial disease stages only, while other series also include advanced cases. Clearly, advanced-stage disease implies greater difficulty for VATS, and the associated conversion rates are typically higher. At our hospital, we started with early stage disease but soon extended the indications to more advanced cases, which could explain our high conversion rate during the first two study periods. Similarly, no differences were found when the disease stages that were operated on were analysed by time periods, which could explain the minimum selection of cases in the initial period.
The mortality rate in our converted patients may appear high (3/29, 10.3%). However, only one of these deaths was directly caused by complications of the VATS surgery (aforementioned aortic rupture). The other two patients were converted due to oncological reasons (difficult lymph node dissection), but no technical complications occurred during the surgery. Both patients died because of critical, associated co-morbidities in the late postoperative period.
Therefore, conversion should not be regarded as a surgical failure but rather as a way to complete resection in a traditional manner. Some studies demonstrate that postoperative results are not worse after a conversion [21] .
Prolonged air leakage remains a common complication of lung resections, particularly in upper lobe resections. In our series, and in spite of achieving improvements in other parameters, we were unable to reduce the incidence of prolonged air leakage, probably due to the greater complexity of the cases operated upon in the third study period (3P). Fissure management by VATS is the most delicate step, particularly in emphysematous patients. The ideal approach is, therefore, to leave this step for the end of surgery, with continuous stapling after dividing the hilar structures, as recommended by some authors [9, 16] .
It is known that hilar lymph node involvement, major adherences and an incomplete or fused fissure make VATS lobectomy more complicated. Patients with important lung adherences require laborious freeing that tends to favour postoperative leakage, which coincides with the longer chest-tube duration required in our series of patients [22] .
Similarly, fissure absence causes the technique to differ with regard to open surgery; the artery is not sought in the fissure and, after sectioning the vascular and bronchial structures, this step is left for the end of the operation [9] . In the present study, patients with major adherences and incomplete fissure had longer surgical times.
With regard to the postoperative results, differences were only observed in the administration of epidural anaesthesia, which was hardly used at all in the third period, as would be expected from the experience gained over time. The few conversions to open surgery in the last period, and collaboration with the anaesthetists, have contributed to the obviation of epidural anaesthesia in the patients subjected to VATS.
The N2 stage cases detected represented 15.8%. Some authors conclude that the appearance of N2 involvement during surgery should not be a criterion for conversion to open surgery, and that complete lymphadenectomy can be performed via the thoracoscopic approach with similar results to those obtained in open surgery [23, 24] . In our Department, we consider that, in the event of surgical finding of clear N2 disease involvement in the course of VATS, the operation should be concluded and the patient should be referred for induction chemotherapy, to be followed by a later evaluation and reoperation depending on the post-chemotherapy response. There is no consensus about the best oncological procedure in this situation [25] . Depending on the radiological and intra-operative findings, we, sometimes, perform lymphadenectomy first and, on the basis of the results obtained, continue with the lung resection.
According to our results, VATS lobectomy is an appropriate procedure for patients with early-stage non-squamous cell lung cancer (NSCLC) in terms of survival. Even for non-stage I patients who underwent VATS lobectomy, our survival rates were comparable with those of other groups with greater experience [23] .
Our study has several limitations. Indeed, because this is a retrospective and descriptive study, our results should be interpreted with caution. In addition, we have not performed an oncological evaluation of long-term, recurrence-free, survival results to identify possible differences according to the type of approach (open vs VATS and number of incisions), complications or the lymphadenectomy performed. Moreover, the follow-up of the patients was a short span of time (mean 18 months). We hope to conduct further studies with five-year recurrence-free survival to analyse these parameters.
Our aim is not to demonstrate that less invasive approaches afford better postoperative results or to define the two-port technique as being better than the classical triple-port procedure. Rather, we simply wish to reflect the surgical evolution resulting from the performance of a growing number of operations, by adopting increasingly less invasive approaches. Future prospective studies will be required to identify any quantifiable advantage of VATS when performed with fewer incisions.
Another limitation of the study is the absence of an analysis of the results based on the cases performed by surgeons with a greater experience in the technique (those who have performed most operations), compared with those who started the technique at the end of the second and third periods of the study.
In summary, our results suggest that, as we gain more experience over time with an increasing number of cases each year, results improve in terms of less conversion rate, surgical time and more extended lymphadenectomies. We can obtain good perioperative outcomes with less invasive approaches.
